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2^-4 . <8 sflEl^ ^^Kr H o v ^ 

{ULTRASOUND IMAGING METHOD FOR MEASURING ELASTIC CHARACTERISTICS OF MEDIUM BY MEANS 
OF VARIATION OF SPECKLE PATTERNS} 

■ if- 51 a] . 

s. 2fe M ^a&^H £|^H ^l^-ir ^SI^ ^4^1^ Hi4 

€4*1 5l4tt JE^. 

51 5fe £ ^4 A ^H1 44 4^4 ^^711- °I*H ?U43 o. 

^s}7] 4t!r ^4 Qjofl-f s.^. 

<E^4 ^J2_ ^ofl tfltt" ^-J:^ ^> 
10: JE^tfM 15 : 

20: *i| 1 ^efl°J o02.e| 
22: ^ 2 Sell<y oflHS] 
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<i2> ^tii^^s, ^Ife 2:-b-4 aij:i- i 

* 

<13> ^vr}- <§^MN f^°m ^rflS] 2:^1 °fl y l*H ^H1^7> ^o| 7 > ^ 

^.-f 6 ^ ^°J^HH *r ^M", ^HMM ofl^ e^jl 

^W^H ^^23]4 ^S*]^ &7fl o]^ *§£^*)?1 f^<J= 

0)14 ^xjol ^^2] ^-^ajjLtl- ^7] (stiffness)?} ^7}*}7l afl^t}. 
<u> Ql^o.S., Q^n^r^ 3.711 ^-7>xl ^0.3. M-t *r 

.01 ^ 7]el# ^r^l^H fH3l<r« t *tilH *}^} 

0 J7}*H 4^-0] ol^ ^^^H ^31^* ^ »o V ^°l 
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<17> wj-^o] ^ ofl oval o. ^ ^jo} #^i?Kr 

<&^-g: 7}sr}7l *H ^^1- Bfl^ofl «V£ ofl s Al^ss). ^Oofl 

2} W T &4. ^€^1, ^1- <go\o\ ^6\] £ ^-ol S] 

fe- 2:3]^ <?]7H1-^ 3711 4^3fHl, 3>fl ^ 

<y-^<e]7> 3^4 ofls^jrTjc.] ^ £7 ]. t^^h ^rfls. <g*\% ^ 

<is> a*V, ^ «I*11 #^4 -7- wi^ H.^- i-g-44 RF °l-g-*H 

<19> 44*1, £ Zr^^r n±*\7) ^^-^i, S-g-Sj- <^M|4 i 

f 

511 # sfl€4 ^^-1- nfl^^ ^B-^.-g- 2^sKr y o^# 711^4^1 a ^ 

<20> ^ofl 4^- 4€- 2^4 cg^-ofl^ nfl^ 4^4^ ^3 IN aI'-H 
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#^*Hr «o V ^#, tfl*M ^^"i: ^V^-tt ^1, ^ #7l tftf^ofl cfl^ 

^ 4^ 2:^-4 c^Aj- s^o^ «^Hr ^741, ^71 4^ °J A o V ^1°tJ^ ^ ^ 
tfl^H i4t it7]^ A]^ #cq *V#*}^r #7fl, ^ ^7] 

.4. 

<23> ^4 cgAV^ 3fl£|( S peckle pattern)ole}^ 7>4JL $14. 

ol^ll fe^Ksoft tissueH ^t!: 3^4 B-££ ^oflfe 4£ ^° s v SL^ ^1#°1 

^*1 if-S]^ ^4. 2^4 ^Aj-O] 7 R];^ C^AV Al^( coherent 

imaging system)^ ?1 nfl-g^l ^3^3], ^-g-4 c^o} sflAj- £1 . ^^71^ B 

€4. ^*H# ^£4 ^ £i£*Kr ^A^l-oflAl ^}A>5)^ Aj^o] o^Aj-ol 

^H^WI ^l#c>]^14. 44^, £ 10)1 £A]Sl 44 £4, S^^-aK 

^r, wfl-i^^^S^-B^ ^^-4 ajs] ^(sample volume)^ ^>^1 

44 1 *! 3fl^i£ ^4^711 ^4. 444, -£ 2°fl £A]sl 44 £.0], o]^l <£^2] 

o\] ^ ;£sf|#4 

^4*1 7fl ^4. ^, ^-§"4 ^Tfl 44. 

<24> ^l^lv)]o] #^o]i4 °n v 4 ^ D M£ ^2:^iL4 ^-71 (stiffness) 

71- ^7f£H 544. 447-1, £ 3°fl £A]^ 44 ^C] ( 4«.fi] Aj^ofl cfl^j- tiU}^ s 
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7\] ^5rMl ^-§-°fl ^^°) ^ (soft tissue) 1 ^ ^-f ^d\] cfl^c^ 2: 

31 o] nfl 2:^1 iflS] aVA}^ ^7} 3.7fl ^^7)1 £4. 4^1 T*Hsfl , ^^-oflA] 

7} °J7>^ ttfl 2^1# 5flBl^ ^Sj-^ 2:^4 03. ylsH^Tll 5)^1, o^} 

^ 244 ^(stiffness)* *r $14. 

<25> a| 7 loj t£-^- £ 4 ofl :£-g-44 6] Oji£o} ^«fl oj 

^^>a| ^.A}( variance )^. T^l^l^cf . SE'^-, 3]^ofl tfl 

<26> o]^l 2:31 ol] A] 2:4 # 4 ^- -^^JTA} t}^ ^^flfe 

(invasive) °l-§-«H ^1^1- 4^ *r &4. H <HH4 u fl€°fl 

^Af7l 4^(needle)-|r ^4 4fe M 4^ ^ti^Hl 4iHjRr £3:4. 

4^4 fH 1-^7>M^> ^HTflfe 4^ Jf4°l 4fe ^ &44: ^*)-i=. 

Jf^l 4^ 4447il # ^ &4^ %o] -^444. 

<27> o]^|l S]JjL6|| ol 7 }S)^ 7-^4 ^-&7lS.^fe ^4^r4 7}^ ^ 44 

7> ^gjQ.44 =L ^4^tt ^ Hz 444 ^^1- 4^ ^Jol 4^44. 4^r4 ^71 

(15)1- °]*H ^-43: H.^ Sl 5*1] 7M^^.S SAl^o^q. 
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<28> £ 5# 4^44, 44-1- ^r«84fe J£.5)3H47} 2,'-§-4 °§4i: ^JL^ 44^1 2: 
*KtissueH 4^4(15)* f-sfl 4^ 7\n^iL $XA. 44 3:444 

u-]^- ^Hl^l ^^ji*} ^ ^34(invasive) 4^ #4444 44°11 4 

^ 4M *r $14. ^£3^ ^4?1 444 4^71 4^(needle)-§: ^4 4if # 

4^ 4iH 444^ 3# «>^°1 15 1-4447} # 

4°Wr 4^ -¥-#01 3rr ^ &44 4*Hr ^-M 4-g^ 4444 # £ a 

4tt $4 4444. 

<29> £ 5fe 444 44^44 4^4(15)1- ^#a]71ji H^i^(i 0 )f. 44<*ll ^4 
4 3^4 444^r 4^44 ty$SLg, 4^ 7>*fl^JL s.^ ji<yt}. 

4-§-7](15)44 7}44^r 44 44 ^4£- 4^-1: 44 £14 nM^Hr 444 

(scatterer: i£^4 45L* #444 ofls *V||)1-o] -g-^o} 4 ofl £a1£ rf^ 

4 S31 6 J44 4-& °J4°] .^444. 444, <34 ! '^ifl i^4 4€444 
44 (brightness )£ <34 ^efl° a 1 44 4^r 444 44. 

<so> £ ^£ oj^^j. «[7l (brightness) 4 £4(var iance)# 44 ^4^4 ^ 

r , 

$11 444 ^-§-4 41-4 4^#4°l*fl^r4r 4^44, 444, 444 ^-§-4 

<34# ^4471 ^€°11 444 471^ ^sfl4 $4. # 7 14 

^Hr £ 64 £4444. £ 6£ 44 ^4^4 ^ «v 7 ) ^ 

44 ^44 44- 4434 ^44 44* i±4^4. 

<3i> £ ^6)) nfs Dfl ^^ ^ hj-^o,) o^^ ( cgAj- ^ ^ se fl 

°J4 £^4ii 444 4 44:4 4441 4€- 444 441- 444^ 4444 4 
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i#3H44. °i?H, 4 44°fl 4^ £14^ <£4tt nfl ^31^44 zl 

£31<?H Cfltl: 11-71 2] ^444- 
<32> ^^-1- £44tr -g:A>-g. 1-^ ^.AVfil ^-g-^ol £^3g 

4* 4-§-4 ^£ &4. T^Hr^l 4-§^Kr ^2^4 <rc 4£44 2^ ^ 

5>14. o}ef se^^l 4-34 f|7l $44 ^^71 ^^1 --M^Sl 

<33> 5L 6^1 , N£ 44 £31°^ (N-l)£ °14 Sefl^ ^^1, m N (i,j)4 m N _i(i,j) 

^ 44 44 41 (i,j)4 ^£-^4 N#*II4 (N-i)«i^ 2131^444 45-1: 44W. 
4714, ifif 44 ^4^4 444^ °1434 &°14. 44 

7>4s, o2 N (ij) ^ aViUJ) 44 ^ 41(iJ)4 N4*114 (N-i)4*tl 

aeiloi^ioi «-A>olel-ji £ ^ofi 4€- Ml 4 (brightness)^ 45 m N (i,j)£ ^ 

44 is 444<^U, 444 ^>a2 N (ij)A ^4 2 jl q-B}^ ^ &4. 

<34> . 

m Ni i J) =m N-li i j) + l^ K(^')- W ^-l( Z V)] 

"[^44 l] 



<35> 



— N - — 



<36> 2 , . ~ 1 /-•«/, 2 a 

1 r 2 ^ . .. » r 2 ... . 2 



[^44 2] N 
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<37> ojVH, x N Ci,j)£- N#*1) 3.$}<$$] (i,j)$* ^€4H<4 #7)&-§r 44^4. 

4 ^4 i ^ ^44 2^1 44 4714 ^5- ^ ^1^>^ ^£ aefl<yoi 

144 ^-1: 4RHll^f .HhL ^sl^r Hefl°j3f b|oi eflolE^ ufl ^ 

<38> • c 64] *1 . Z" 1 -?- #31 4<S (unit sample delay)# 4441JI 7fl#7l (squarer) 

(pixel)414 ^^fl 2 S |oi oj^| cflt!" 5efl<y4 ^, *1 ^3)<y 4#<5l 4H 

1- ■& ^4 ^44H4 ^*°14 41 *Lell<y44 1 iE3l<y 

^7}7\ #4 Aflf. T^ofl 3^4. fl ttefloj - 7 | C]^^ dlolE^ 4^>7] 4 

* - r * 

4<4 #4 ^€ 4<£# ^W4. H 6414 #4 ^#4^ *H^fe l-^-CZ" 1 )^ Hell 
°J 41.&4 *d"4 7 ASLS., 4 1 ^3l°J 4l-E4(20)-b (N-l)*I*fl Sefl^444 

mN-iCiJ)^- W 711 2 4l5Lel(22)fe (N-l)*l*i| 

44^1 £44 aVi(i,j)|- 7i#44 $® ?W4. #M =31<y 412-?] 10W ^ 
Z" 10 .°. SL 444 r $14. ' 
<39> 51 641 E-44 £4 4^£r, Hefl«y-g- 7-} #44 &ji 444] tflsfl 

<40> # 7 ) ^44 l ^ 25] ^441 ^7 (N-1)4*1I =efl«g^M^ ^4 m N _i(i,j) 

-8: 7-1444 314 *fl 1 5Lefl<y 4j£.4(Z- 1 , 20)4 (N-l)4*)l 5.31^44^ £44 0V1 



7U v 47l 314 4 2 =e)l«y pHa^Cz-l, 22)7} ^^}J1, £E4 4^4 *fl#7l, 
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<4i> 33 «.a>^ ^ 7l ^. 4^^. # q 4-§-4 £4. ^4 



<42> 



5] 34 £oj u}Ej-«i ^ &4. 



<43> 



It44 3] 1 



<44> 



2 , IXyOjl-m.Oj)] 

a , (/,/)= ^ — 0 



«A>^. a2 1 (i j')=o^ 3M4-. ^ 4#°flfe X 2 (i,j)# °^^4 ^fl^^^-S. 7flA> 

444 Tll^^H-S -fr4^4. 



<46> 44 zJ-£ ^ofl 344 ^€ 44^14 H44 Hefl^H 4# £4, ^ ^4 



^sflf- 3fl€3 £4 indicator)^ A}-g-*v ^ ^nf. ^ 4 447} Tfl. 



^ # C,1 7 1 ti^-g- A}-g-^ 



3# tfl^l^H, ^4 ^3l°J 7l^°J ^€ H7l4 43l4(max)4 



3 



(min)l- ^fl4 o] if- &9\ ^cfl4, ^ Imax-minli: 444 ^^l °l-§- 

^ ^£ $14. « #4, ^44°1 1^4 15*144 3X3- nfl 3}^ £*lM<>fl4 



lO^Hl ^ 2^44 4^4* ^43 7^44. xi(i,j), x 2 (i,j), .... xio 
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(i,j)3 10^ Sefl<yo)H *|tP14 °1* A 

A maxi-io(i,j)4 raini-io(i,j)°l^ a2]JL, °1 ^ M 

tfl*(H <rW3 AA^A -*H#-i- 44^ diffi-io <">]eHr <3^# £^ <r &4 
. 4^7}*ijl > 3f^t n^H 114^, a= x 2 (i,j), x 3 (i,j), 

• x n (ij)i^l diff 2 -n 5t -f 9XA. £4*V£ di f f 6-i5 

^ 9lA. 3*3]<y 15 4-§-°fl Sefl<a 16, SsfJ 17 ^] tplW Tll^r ^ <*kbT 
aV4^ ufl ^3l<y44 7,§A]£]i- %\<% ^"(difference imaged ^4. y o Vl ££ 

<47> Olfif £oj aeflojbfl tCf# «V 7 ]^ A>-g-% ^ 0| 

(displacement H ^7] (stiffness)^ #WM]S}7] nfl^ojcj.. 

<48> 44*1, ^S*^ °M ^^3]i4 $7l7> ^7f5]oi 

^ ^ £ 6# 7)1^ f^fi] -g-y-^o] t\^9\ <3tf Sefl^Hl ^ EL7\] 

o±a} ^^ofl rfl*V sflif}^ 3^ 44\+4- ^S., ^ ^4 

£ 4-^4 A^) i»4 ^4vfl4 AV^^j o^] 7 |. H7 fl ^^t]] £1^, S. 6-i: f-^H 

31^4 #7] 4 £#&oi 4^4 Hefl^H] ^ htI) ^^Tfl £4. o]e^l 
^44 ^7l( s tiffness)l- *r 5^1 44. -S-4 4*fl4 
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4 7 ]#^ #*14 ^^cH ^7}$- #^4^ 4t^4, 

2:^-4 2^44 £^3*1 ^ ^5L3l 0 J<>lH 4 #4 4 A] 

AVo^ ^Sp^ ^f-O^*) i 5)11- SflBl^ %Aj5>^ oj]^^ E^lLAj o. ^ 

t ^ 44*1, a]^ £4flH44 ^l^llfl^ ^^-! #*fl 

-fHfl- 4# 4# ^fli ^Tfl $ ^ a!4. 

M*H H^^JLsL ^^^r 41tf^ ^ $i-ir ^ o}i]e} n tI1#^ SE^- ^1 1 
jS-44. 

<53> £f, £ t^^fl i£^4 ^oHH ofl^o] ^f-ofl Si^A-] 

^3 <S-ib§- ol-g-^-^S^ I*efl<y pfl.2.44 <#-8r #°lJI Tll^H #^47)12.5. 3^4 

<54> 444, <^A o V ^-o. ^^H- S5fl<y^] 2.^ ^ofl tfl*jj^ Al#ofl «>7l 

41- ^4 t)1^h 4^#3H t ^ &4. 
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"fliH tfl^H #31, 

AV 7 ) v\^9\ <%% HEll^xfle] £^ S^ofl cflsH 3f|^o} ||7l2] A]^^" 

» 

#7] -t>#^l ^?H€ Sfl^$] «|7l 'ol4*H ^-7) ^4 ^*Rr 

I -3 -r # 2] 

1 

* 

+ j7 [ x2 N( i J)- Nm2 N( i j')- V 2 N-l 0'J> m2 N-l O'J)] 

19-15 



1020020038894 #^ 2002/11/25 

°*7H, N£ 5^1 «y wis, N~l£ o]# neflol ^ mN (i J)4 m^O , j)£ 

z^-zv <^ (i jyo] ^JfEi N*i*M (N-l)^i^ Sefl^H^ ^ol-H, tf 2 N (U) 
I^-Y^ 3] 

4 2 1H1 &<>H, ^-71 (N-l)^i^ Hefl<a^H^ *fl 1 aefloi nflsi^ofl *| 

^s\JL, 4>7j (N-l)^^H S£11 0 J7H^ 4^ 4 2 Sell*] pUSS)^ x^s)^. <3 

#71 2^*14 A o V 7l ^tflAlf- ^Kr #31 

*H 2 %Hl sa<H^, ^4 ^3 0^.0. s.^ ^g-4 <g 
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